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M PTHOns OF piAKNQSING O R PROGNOSIS AGE-REIATED MACUl^R 
ppaFNERATION 

Age-related macular degeneration (AMD) is the most common geriatric ©ye 
disorder leading to blindness. Macular degeneration is responsible for visual 
handicap in what is estimated conservatively to be approximately 16 million 
individuate worldwide. Histopathologically. the hallmark of early neovasoular 
AMD is accumulation of extracellular drusen and basal laminar deposit 
(abnormal material located between the plasma membrane and basal lamina of 
the retinal pigment epithelium) and basal linear deposit (material located 
between the basal lamina of the retinal pigment epithelium and the inner 
coBageneous zone of Bruch's membrane). The end stage of AMD la 
characterized by a complete degeneration of the neurosensory retina and of the 
underlying retinal pigment epithelium In the macular area. The ethiology of 
AMD is largely unknown, but the current understanding is that AMD is a 
genetically complex eye disorder possibly caused by a variety of molecular 
defects. 

Klaver et at. (Am. J. Human Genet 03: 200 - 206, 1998) have shown that the 
apoE gene (APOE) polymorphism is significantly associated with the risk for 
AMD. The APOE b4 allele was associated with a decreased risk, and the s2 
allele was associated with a sHgntty increased risk of AMD. Their results 
suggest that APOE Is a susceptibility gene for AMD. 

Experimental therapies for AMD have been suggested by Soubrane and 
Cosces (Wiedemann P., Kohen L (eds): Macular and retinal diseases. Dev. 
Ophthalmol. Basel. Karger vol. 29. 77 - 64. 1997). The goal of therapies can be 
twofold: (I) prevention of the occurence of macular complications or (H) 
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treatment of the already arised macular complications (central geography 
atrophy or choroidal neovascularization). One approach for prevention includes 
antioxidant supplementation with contradictory result* regarding the 
effectiveness. Laser photocoagulation has also bean largely ineffective in 
preventing visual loss m the majority of patients. However, In the therapy of 
macular complications, laser photocoagulation remains the gold standard for 
the 15 % of welWeflned choroidal new vessels (CNVs). For isolated occult 
CNVs and vascularized pigment epithelium detachments, no effective treatment 
is at the horizon. For geographic atrophy the only hope is at present retinal 
pigment epithelium and photoreceptors transplantation. 

As AMD is a growing social and medical problem, there is a strong need for 
methods of diagnosing or prognosis said disease In subject, as well as for 
^ods of treatment In addition, there is a strong need for identifying Inherited 
risk factors that increase the susceptibility of getting AMD (suecepttbtiity gene). 



Several complex diseases previously associated with aging and exposure to 
environmental risk factors have now been found to have a strong genetic 
component. Late onset Alzheimer* disease (AD) Is an example for these 
conditions. It Is noteworthy that AD shares the same epidemiology with AMD. 
and both diseases have similarities with respect to their oathophyslology. like 
AD. in a broad sense AMD can be considered to be a nsurodegarwatlve 
disorder. Deposits are found In both conditions and during the natural course of 
these diseases a significant loss of neurons occurs. 

In one aspect, the Invention features a method for diagnosing or progressing 
aoa -relatod macular degeneration in a subject, or determining whether a 
.uhjeet is at increased risk of becoming diseased with eae^elaied macular 
degeneration. The method includes: determining a level, or en activity, or both 
said level and said activity, of at toast one substance which Is selected from the 
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group consisting of cyatatin C, a tmnacflpOon product of a cystetln C gene, an 
amyloid protein, and a transcription product of a gene coding for said amyloid 
protein m aeamptefrom said subject; and comparing said level, or said activity, 
or both said level and said activity, of at least one of said substances to a 
reference value representing a known disease or health status, thereby 
diegnoslng or prog nosing said age-related macular degeneration in said 
subject or determining whether said subject is at Increased risk off becoming 
I with age-related macular degeneration. 



The human cystatln C gene <CS73) maps to chromosome 20p11.2. It contains 
three exons. and a Ssf II polymorphic site within the 5' flanking sequence that is 
In linkage dtsequMibrium with s second Sat il polymorphism within exon 1 of the 
gene (Beibtn and Abrahamson, Hum. Genet 81, 761 - 752. 1991; Battwi at al., 
Hum. Genet 92. 206 - 207, 1993; Abrahamson et at. FEBS Lett 216, 229 - 
233. 1987). The open reading frame of CS73 encodes a 120-resktue protein 
wtth a moteeutor mass of 13.3 kOa and a pt of 8.76 (Abrahamson et al., J. BtoL 
Cham. 261, 11282 - 11289. 1986; Abrehsmson et et. FEBS Lett 218. 229 * 
233, 1987). The mature molecule contains Intramolecular disulfide bonds, It is 
parttety hydrexytated. no other common peet-translatJonai modi&cations were 
observed (Grubb and Lofberg. Proc. Nell. Acad. Set, USA. 79. 3024 - 3027, 
1962; Asgeksson et at. Btocham. J., 329. 497 - 503. 1998). Cystatln C Is 
dasrlbuted extensively In the body fluids and is suspected of playing a rote m 
MtrspoflulQT functions, such ae the riwduiation of inflammatory reecttons. It Is 
known to exits in cell types, such as astrocytes, macrophages, and choroid 
plexus cells. Cystatln c also is a o^eitftettvety dominating cysteine protease 
inhibitor of CSF whoee <xmoantn^ la five times Wgtier t^ 
binds to end regulates proteolytic eetMbes of cathepsins which have been 
associated with breto amyloid plaques In Alzheimer's disease, and Implicated In 
the proteolytic processing of the amyloid precursor protein. H has been 
dseeribed met human eyetettn C undergoes dimerkation before unfolding. 



^ll^^M^HEN OG ^, ft . 9-99^ ^^^^^^ 221 13*297. ^9 G9 2 39^ £C 



-4- 



Dinierizatton leads to a complete toes of its activity as a cysteine proteinase 
Inhibitor (Pool at at.. J. Mol. Biol. 271. 266 - 277, 1997). In addition to the 
tsnrinabon of biological activity, dimerization of cystatin C is associated with 
brain amyloid formation in the islandic form of hereditary cerebral henwrmage 
with amyloidosis caused by an inherited mutation (L38Q) wHWn the coding 
mgion of CST3. The production rate of cystatin C is romarttebry constant and its 
plasma concentration can therefore be used as a reliable measure of the 
glomerular Miration rate (Grubb, Clinical Nephrology, Vol 36. Suppl. No.1. 20 - 
27. 1992). 

The. role of amyloid proteins, m particular amyloid B protein, in 
neurodegenerative disorders has been extensively described In literature (see 
e, 9 . Harper J.D. and Unsbury P.T., Annu. Rev. Blochem.. 66. 385 - 407, 
1997). The family of A0 variants is derived from the amyloid precursor protein 
(APP), a ubiquitous ca. 700-amino add oeil-aurface protein. Two variants. AB1- 
40 and AB1-42. which differ by truncation at the oarboxyl terminus are the 
predominant amyloid plaque proteins. 



It might be preferred that said subject has previously been determined to have 
one or more factors indicating that such subject is afflicted with AMD. 

In a further preferred embodiment. AB1-40 and/or A61-42 are detemilned as 
amyloid protein. 

in ^e#erred errtKxlinwts. the sample is taKen from the eye of said subject ft 
is particularly preferred to take a sample from material located between the 
plasma membrane and bassl lamina of the retinal pigment epithelium andtor 
from material located between the basal lamina of the retinal plgmant 
epithelium and the Inner collagenous zone of Bruch's membrane. 
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According to the present invention, an increase of the level of cystatin C, a 
transcription product of a cystatin C gene, an amyloid protein, and/or a 
transcription product of a gene coding for said amyloid protein m said sample 
from the subject relative to a reference value Indicates a diagnosis, or 
prognosis, or increased risk of safct age-related macular degeneration in said 
subject. As shown In Example 1, a significantly higher frequency of the CST3 
BB genotype is observed In patients with exudative AMD. A specific feature 
associated with this genotype might be an abnormal level of the active form of 
Cystatin C in specific tissues and bodily fluids. 

In preferred embodiments, measurement of the level of transcription products 
of the cystatin C gene or a gene coding for said amyloid protein is performed 
using Northern blots with probes specific for said genes. Quantitative PCRwtth 
primer combinations to amplify gene-spedfic sequences from cDNA obtained 
by reverse transcription of RNA extracted from said sample of a subject can 
also be applied. These techniques ere known to those of ordinary skill In the art 
(see e.g. Watson et al.. Rekombmierte DNA. 2nd edition. Spektrum 
AJcademlscher Vertag GmbH. Heidelberg, 1993; Watson et el.. Recombinant 
DMA, 2nd ed., W. H. Freemen end Company, 1892). 

in preferred embodiments, said level or activity of cystatin C or said amyloid 
protein is detected using an Immunoassay. These assays can e.g. measure the 
amount of binding between cystatin C and an antt-cystetin C antibody by the 
use of enzymatic, chromodynamlc, radioactive, or luminescent labels which are 
attached to either the anti-cystatln C antibody or a secondary antibody which 
binds the arrt-cystetin C antibody. In addition, other high affinity Uganda 
including calhepatn derivatives may be used. Immunoassays which can be 
used include e.g. ELISAs, Western blots end other techniques known to those 
of ordinery skHI In the art (see Harlow et at. Antibodies. A Laboratory Manual, 
Cold Spring Harbor Laboratory Press. Cold Spring Harbor. New York). 
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The antibody or Bgend to be used should preferably specifically detect cystatin 
C or said amyloid protein. It ie preferred that It does not substantially interact 
vwtth any other protein present in said sample. It Is particularly preferred to 
include specific antibodies or ligands which differentiate monomers from dimers 
or oligomers of cystatin C. The detection of the monomeric form of cyetotin C 
may be more specific to age-related macular degeneration than measuring 
dimers or oligomers. Measures might be significantly improved wHh monomer- 
specffic ELlSAs. 

Monoclonal antibodies capable of recognizing cystatin C or said amyloid 
proteins can be prepared using methods known in the art (see e.g. Kohler and 
Mtlstein, Nature 256, 495 - 497 1975; Kozbor et at, Immunol. Today 4. 72. 
1983; Cole et el., Monoclonal antibodies and cancer therapy. Alan R. Lias. Inc. 
pp 77 - 98. 1985; Maries et at, J. Biol. Cham.. 16007 - 18010. 1992; the 
contents of which are Incorporated herein by reference). Such monoclonal 
antibodies or fragments thereof can also be produced by alternative methods 
known to those of skill in the ait of recombinant DMA technology (see e.g. 
Sastiy et al, PNAS 86: 5726, 1989; ; Watson et at, RetombWerte DNA, 2nd 
ed.. Spektrum Akademlacher Vertag GmbH. 1993. Watson et al, Recombinant 
DMA, 2nd ed.. W. H. Freeman and Company, 1992; the contents of which are 
incorporated herein by reference). Monoclonal antibodies useful in the methods 
of the invention are directed to an epitope of cystatin C or said amyloid protein, 
such that the complex formed between the antibody and cystatin C, or between 
the antibody and said amyloid protein, can be recognized in detection assays. 
The term "antibodies" encompasses ail forms of antibodies known in the art. 
such as polyclonal, monoclonal, chimeric, reoombinatortai, single chain 
antibodies as well as fragments thereof which specifically bind to cystatin C, or 
to an amyloid protein. It is particularly preferred to use specific antibodies that 
selectively detect cystatin C monomers, dimers or oligomers, respectively. 
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High-affinity ligands can be prepared by using derivatives of cathepsins which 
are the natural substrates of cystatin C biotogicat activity. 

It is further preferred to determine e.g. the level of cystatin C and Ha activity on 
of an enzymatic assay. As described above, cystatin C Is a cysteine 
inhibitor which binds to and regulates proteolytic activities of 
cathepsins. A suitable enzymatic assay can therefore be built upon the 
enzymatic activity of cathepsins indicating the absense or presence of different 
levels of cystatin C in its active, monomertc form. It Is preferred to use amyloid 
precursor protein (APP) as a substrate. The generation of A-bete peptides as 
educts can be measured. 

The determination of the level or activity of cystaon C, or of an amyloid protein, 
can also be performed on basis of a binding assay. Suitable binding partners 
Include cathepsins or fragments thereof, peptides, peptidomimetlos, antibodies 
end other chemical probes which can specifically recognize cystatin C or an 
amyloid protem. It Is In general particularly preferred to determine cystatin C In 
its monomelic term. Suitable binding partners for an amyloid protein assay 
Include e.g. peptides. peptMorrrfmebcs, antibodies and other chemical probes. 

If luminescent labels are used In any detection assay. It la preferred to use a 
cenfocsi optical set-up. 

in preferred embodiments, the reference value can be that of a tovel. or an 
activity, or both said level and said activity, of at least one substance which is 
•elected from the group consisting of cystatin C, a transcription product of a 
cystatin C gene, an amyloid protein, and a transcription product of a gene 
coding for said amyloid protein in a sample from a subject not suffering from 
age-related macular degeneration. The healthy subject can be of the same 
weight, age, end gender as the subject who is being diagnosed or prognosed 
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for AMD. or for whom an Increased it* of becoming diseased with AMD hi 
determined. In some cases. It might be pwten^ to use a refeienoe value fn^ 
the subject which Is diagnosed. 

in preferred embodiments, the subject can be a human, an experimental 
animal, e.g. a tat or a mouse, a domestic animal, or a non-human primate, eg. 
a monkey. The experimental animal can be an animal model for a disorder, e.g 
a transgenic mouse with an AMD pathology. 

In another aspect, the invention faaturas. a method of monitoring the 
progression of age-related macutor degeneration In a subject The method 
includes: determining a level, or en actvRy, or both said level and said activity, 
of at least one eubetance which la selected from we groiip conslte^ of oystetln 
C. e transcription product of a cysteta C gene, an amyloid protein, and a 
tranacriptton product of a gene coding for said amyloid protein In a sample from 
the subject; and comparing said level, or said activity, or both 
said activity, of at least one of eatd substances to a reference value 
rtpmsantlng a known disease or health status, thereby monitoring the 
progression of said age-related macular degeneration m said subject m e 
praterrad embodiment, the level, or tee activity, or bom Mid level and said 
ac*Mty. of at least one of said substances m s sample Is determined at least 
t«tce. e g. at two points which era weeks or months apart. The levels or 
•eaVHtes at these two erne points are compared In order to monitor the 
piooreasion of AMD. It might further be preferred to compare a level, or an 
activity, or both said level and aald ac**% of * least one siibston« 
selected from the group consnstng of oyetettn C. a trar»crtotton product of a 
cytetm C g-ne. sn amyloid protein and a tramrcriptton product of a gone 
coding for said amyloid protein In Mid sample w«h a tevel. an activity, or both 
said level and said activity, of at least one of said substances m a series* 
samples taken from said subject ever a period of time. In further preferred 
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embodiments, Mid subject receives a treatment prior to one or more of said 
sample gatherings. 

It might be preferred that said subject has previously been determined to have 
one or more (actors indicating that such subject is afflicted with ago-related 
macular degeneration. 

In a further preferred embodiment. A01-4O and/or are determined as 

amyloid proteins. 

In preferred embodiments, the sample Is taken from the eye of said subject It 
is partteularty preferred to take a aarnpte from material located between the 
plasma membrane and basal lamina of the retinal pigment epithelium and/or 
from material located between the basal lamina of the retinal pigment 
epithelium and the Inner collagenous zone of Bruch's membrane. 

According to the present invention, an Increase of the level of cystatln C, a 
transcription product of a cystatln C gene, an amyloid protein, and/or a 
transcription product of a gene coding for said amyloid protein in said sample 
from the subject relative to a reference value Indicates a diagnosis, or 
prognosis, or Increased riek of said AMD m said subject As shown in Example 
1, a significantly higher frequency of the CST3 BB genotype Is observed In 
patterns with exudative AMD. A specific feature associated with this genotype 
might be an abnormal level of the active form of Cystatln C in specific tissues 
and bodily fluids. 

In preferred embodiments, measurement of the level of transcription products 
of the cystatln C gene and/or said gene coding for amyloid proteins is 
performed using Northern blots with probes specific for said genes. Quantitative 
PGR with primer combinations to amplify gene-specific sequences from cDNA 
obtained by reverse transcription of RNA extracted from the subject can also be 
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applied. These techniques are Known to those of ordinary skill in the art (sea 
e.g. Watson et al., RekomWnieite DNA. 2nd edition, Spektrum Akexternlsoher 
Venag GmbH, Heidelberg, 1963; Watson et al., Recombinant DNA, 2nd ed., W. 
H. Freeman and Company, 1992). 

In preferred embodiments, said lev* or activity of cystatm C and/or an amyloid 
protein Is detected using an Immunoassay. These assays can measure e g the 
amount of binding between nystatin C and an anti-cyetatin C antibody by the 
use of enzymatic chromodynamic, radioactive, or luminescent labels which are 
attached to either the antt-cystath C antibody or a secondary antibody which 
bonis the antt-cyetatin C antibody. In addition, other high affinity Uganda 
Including, cethepein derivatives may be used. Immunoassays which can be 
used Include e.g. ELISAs, Western blots and other techniques known to those 
of ewttwty skill in the art (see Harlow et al., Antibodies, A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, Cctt Spring Harbor. New Yortc). 

The antibody or llgartd to be used should preferably spedficaBy delect cystaUn 
Cor said amyloid proteins. It » preferred that K does not substantially interact 
with any other protein present m said sample. It Is particularly preferred to 
include specific antibodies or Uganda which differentiate monomers from dimeta 
or oligomers of cyatatln C. The detection of the monomers? form of cyetatln C 
may be more specific to AMD than measuring dhnera or oligomers. Measures 
might be significantly improved with monomer-epedfle ELISAs. 

Monoclonal antibodies capable of recognizing cystatfn C or said amyloid 
proteins can be prepared using methods known In the ert (see e*. Kohfer and 
Mftstoin, Nature 256, 495 - 497 1975; KOibor et aL. Immunol. Today 4, 72, 
1963; Cole et al., Monoclonal antibodies and cancer therapy, Alan R. Lies, Inc. 
pp 77 - 96, 1965; Marks et at. J. BW. Cham.. 16007 - 16010, 1992; the 
contents of which are incorporated herein by reference). Such monoclonal 
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antibodies or fragments (hereof can also be produced by alternative methods 
known to those of skill in the art of recombinant DMA technology (see e.g. 
Sastry et al, PNAS 86: 5728. 1989; Watson et al. , Rekombinierte DMA, 2nd ed., 
Spektrum Akademischer Vedag GmbH. 1993: Watson et al.. Recombinant 
DNA, 2nd ed., W. H. Freeman and Company, 1992; the contents of which are 
incorporated herein by reference). Monoclonal antibodies useful In the methods 
of the Invention are directed to an epitope of cystatin C or said amyloid proteins 
such that the complex formed between the antibody and cystatin C. or between 
the antibody and said amyloid protein, can be recognised in detection assays. 
The term "antibodies" encompasses all forms of antibodies known In the art, 
such as polyclonal, monoclonal, chimeric, lecombinatohal, single chain 
antibodies as well as fragments thereof which specifically bind to cystatin C, or 
to said amyloid protein. It is particularly preferred to use specific antibodies that 
selectively delect cystatin C monomers, dimers or oligomers, respectively. 
High-affinity ligands can be prepared by using derivatives of cathepsins which 
are the natural substrates of cystatin C biological activity. 

It is further preferred to determine e.g. the level of cystatin C and its activity on 
basis of an enzymatic assay. As described above, cystatin C is a cysteine 
protease inhibitor which binds to and regulates proteolytic activities of 
cathepsins. A suitable enzymatic assay can therefore be buNt upon the 
enzymatic activity of cathepsins indicating the absense or presence of different 
levels of cystatin C in Its active, monomeric form, it is preferred to use amyloid 
precursor protein (APP) as a substrate. The generation of A-beta peptides as 
educts can be measured. 

The determination of the level or activity of cystatin C or said amyloid proteins 
can also be performed on basis of a binding assay. Suitable binding partners 
include cathepsins or fragments thereof, peptides, peptidomimetics. antibodies 
and other chemical probes which can specifically recognize cystatin C. It is In 
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general particularly preferred to determine cystatln C in its monomelic form. 
Suitable binding partners for an amyloid protein assay Include e.g. peptides, 
peptidomimetics, antibodies and other chemical probes. 

If luminescent labels are used In any detection assay, it is preferred to use a 
confocal optical set-up. 

In preferred embodiments, the reference value can be that of a leva), or an 
activity, or both said level and said activity, of at least one substance which is 
selected from the group consitsing of cystatln C. a transcription product of a 
cystatln C gene, an amyloid protein, a transcription product of a gene coding for 
an amyloid protein in a sample, preferably an eye, from a subject not suffering 
from age-related macular degeneration. The healthy subject can be of the 
same weight, age, and gender as the subject who is being diagnosed or 
prognosed for AMO, or for whom an increased risk of becoming diseased with 
AMD is determined. In some cases, it might be preferred to use a reference 
value from the subject which is monitored. 

in preferred embodiments, the subject can be a human, an experimental 
animal, e.g. a ret or a mouse, a domestic animal, or a non-human primate, e.g. 
a monkey. The experimental animal can be an animal model for a disorder, e.g. 
a transgenic mouse with an AMD pathology. 

In another aspect, the Invention features, a method of evaluating a treatment 
for age-related macular degeneration. The method includes: determining a 
level, or an activity, or both said level and said activity, of at least one 
substance which is selected from a group consitsing of cystatin C, a 
transcription product of a cystatln C gene, an amyloid protein, and a 
transcription product of a gene coding for an amyloid protein In a sample 
obtained from said subject being treated for said AMD; and comparing said 
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level, or said activity, or both said leva) and said activity, of at least one of said 
substances to a reference value representing a known disease or health status, 
thereby evaluating said treatment for said AMD. It is further preferred that a 
level, or an activity, or both said level and said activity of at least one of said 
substances is determined, before and after said treatment Is administered to 
said subject. 

In a further preferred embodiment, Api-40 end/or A01-42 are determined as 
amyloid protein. 

In preferred embodiments, the sample is taken from the eye of a subject. It is 
particularly preferred to take a sample from material boated between the 
plasma membrane and basal lamina of the retinal pigment epHhelum and/or 
from material located between the basal lamina of the retinal pigment 
epithelium and the Inner collagenous rone of Bruch's membrane. 

It might be preferred that said subject has previously been determined to have 
one or more factors indicating that such subject is afflicted with AMD. 

According to the present invention, en increase of the level of cystatin C, a 
transcription product of a cystatin C gene, an amyloid protein, and/or a 
transcription product of a gene coding for said amyloid protein In said sample 
from the subject relative to a reference value Indicates a diagnosis, or 
prognosis, or Increased risk of said AMD In said subject As shown In example 
1, a significantly higher frequency of the CST3 BB genotype Is observed In 
patients with exudative AMD. A specific feature associated with tola genotype 
might be an abnormal level of the active form of Cystatin C in specific tissues 
and bodily fluids. 
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ln preferred embodiments, measurement ef the level of transcription products 
of the cystatin C gene, or of eeid gene coding for an amyloid protein, is 
performed using Northern blots with probes specific for said genes. Quantitative 
PGR with primer combinations to amplify gene-specific sequences from cONA 
obtained by reverse transcription of RMA. extracted from a subject can also be 
applied. These techniques ate known to those of ordinary sk» in the art (see 
e.g. Watson et at.. Rekombrnierte DNA, 2nd edition, Spoktrum Akademlecher 
Venag GmbH, Heidefbarg, 1993; Watson et al.. Recombinant DNA, 2nd ed.. W. 
H. Freeman and Company, 1B92). 

In preferred embodiments, said level or activity of cystatin C, or of an amyloid 
protein, ie detected using an immunoassay. These assays can e.g. measure 
the amount of binding between cystatin C and an anti-cystatin C antibody by 
the use of enzymatic, chromodynamic, radioactive, or luminescent labels which 
am attached to either the anti-cystatin C antibody or a secondary antibody 
which binds the anti-cystatin C antibody. In addition, other high affinity Uganda 
nduding cathepsin derivatives may be used. Immunoassays which can be 
used include e.g. EUSAs, Western blots and ether techniques known to those 
of ordinary sMU In the art (see Harlow et al., Antibodies, A Laboratory Manual. 
Cdd Spring Harbor Laboratory Press. Cold Spring Harbor, New York). 

The antibody or ligand to be used should preferably specifically detect cystatin 
C or an amyloid protein. It is preferred that it does not substantially interact with 
any other protein present in said sample. It Is particularly preferred to include 
specific antibodies or Uganda which differentiate monomers from dinners or 
oligomers of cystatin C- The detection of the monomark: form of cystatin C may 
be more specific to AO than measuring dimers or oligomers. Measures might 
be significantly improved with monomer-specific EUSAs. 
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Monodonal antibodies capable of recognizing cystatin C or an amyloid protein 
can be prepared using methods known in the art (see e.g. Kohter and MHstein, 
Nature 256, 495 - 497 1975; Kozbor el al.. Immunol. Today 4, 72. 1983; Cole et 
al.. Monoclonal antibodies and cancer therapy, Alan R. Lisa, Inc., pp 77 - 98, 
1985; Marks et al.. J. Biol. Cham.. 18007 - 18010. 1992; the contents of which 
are incorporated herein by reference). Such monoclonal antibodies or 
fragments thereof can also be produced by alternative methods known to those 
of sMH in the art of recombinant DNA technology (see e.g. Sastry et el. PNAS 
86: 5728, 1889; Watson el al., Rekomblnlerte DNA. 2nd ed.. Spaktrum 
Akaderntscher Vedag GmbH. 1993: Watson et aJ.. Recombinant DNA. 2nd ed.. 
W. H. Freeman and Company, 1992: the contents of which are incorporated 
herein by referenoe). Monoclonal entibodiee useful in the methods of the 
Invention are directed to an epitope of cystatin C or of an amyloid protein, such 
that the complex formed between the antibody and cystatin C, or between the 
antibody and said amyloid protein, con be recognized in detection assays. The 
term "antibodies" encompasses aH forms of antibodies known In the art. such 
as polyclonal, monoclone!, chimeric, recombtrwtorieJ. single chain antibodies as 
weH as fragments thereof which spedfleeMy bind to cystatin C, or to an amyloid 
protein. It la partioularty preferred to use specific antibodies that selectively 
detect cystatin C monomers, dimers or oBgomem, respectively. High-affinity 
Uganda can be prepared by using derivatives of cathepsins which are the 
natural substrates of cystatin C btotogteat activity. 

It is further preferred to determine e.g. the level of eyetatin C and He activity on 
bests of an enzymatic assay. Aa described above, eyetatin C la a cysteine 
protease Inhibitor which binds to and regulates proteolytic activities of 
cathepsins. A suitable enzymatic assay can therefore be buBt upon the 
enzymatic activity of cathepsins indicating the absense or presence of different 
levels of cystatin C in lis active, monomerte term. It Is preferred to use amyloid 
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p^cu^ protein (APP) « • »u».Wt». The 9.nen«oc of A-beta r>.P™a« « 
©ducte can be measured. 

Thed^rrrtrratton of the lev* or ecdvrty ofoyUttn C. or .n amyloid protein. 

inetud. c*»»peln. or fmgmerd. ■»«* P*"—. r>^omlrn.««. «■»*• 

„* other eta*** on*- •P**-* •" s » n,M C " "* 

general particularly preferred to determine ejritatki C in H» moflomaricform. 
Suitable binding partner, for emyWd proWn include P**"-' 
pepHdomlmetJe*, anHbodle* and other chemieel proboa. 



If hmbteecmt label, are iMd In any det«*en mm,, * » prepared to u» • 
eenfocl optical eet-up. 

,„ prafcrmd embodiment* the r*«. «lue can be tat of. M>» 
„ both Mid level »td e*d ad**, of at 1^ ««• «*•*"" «!** » 
footed from the group oonaMng of cytfrtn C. a tranesrtpbon product of a 
c-Wln C pane, en amyloid probdn. Ml a bwwcriptlon product of . S*« 

^of t h.»rn,v^m.^..nd fl ^ M ^^who^d.^ed 

or proonoeed for AMD. or for whom an Increoeed n»k of becomlna Haeeaen 
or i"-tf~~~ .... „ —jgnj be preferred to uee . 

with AMD ia determined. In eome aaaaa. it nagm o- p 

, value from the aubiect which la under treatment 



,„ purred embedment., the ***** can be a hum*,, an 
animal ..„. a rat or a mou». a domertc enlmal. or . non-human pnmate. e g. 
a rnonWy The a«pertm«aa< an^lcenbean^modettora dMK . 8 
a tranagentc mouaa with an AMD pathology. 
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ln another aspect, the invention features, a method of diagnosing or prognoslng 
age-related macular degeneration In a subject, or determining whether a 
subject la at increased risk of becoming diseased with age-related macular 
degeneration. The method Includes: determining the presence or absenss of s 
mutation or polymorphism In s cystetm C gene or its norvcoding regulatory 
elements In a sample from said subject, thereby diagnosing, or prognoslng, or 
determining sn increased risk of AMD In said subject. Such a mutation can e.g. 
be a substitution, deletion or addition of at least one base. Such imitations may 
result m "mis-sense" information or In "non-sense" Information associated with 
a termination oodon or a frame shift Polymorphisms and allele variations occur 
mors frequently <n the general population but induce In principle the identical 
genetic alterations. Such mutations or pofymorphterns may be found within the 
promoter region, an example of which Is the Sst II poiymoiphte site In the 
promoter region of the human cystalin C gene {CST 3). It Is preferred to 
determine the presence of a B allele in the cystafln C gene. The human cysteHn 
C gene, called CS73, has been sequenced and Its A and B alleles were also 
described (Baibin at al.. Biol. Cham. Hoppa-Seyler, Vol. 373. 471 - 476, 1882; 
Abrahsmson at at, Btechem. J.288, 287 - 284, 1880; Abrahamson at al.. Hum. 
Genet 82. 223 - 228, 1888; the contents of these publications are incorporated 
herein by 'reference). The presence of at leeet one B elide in said cystetin C 
gene or its nen-codlng regulatory elements, particularly In its promoter. 
Indicates said subject and potentially Ite descendants are at increased risk of 
developing age-related macular degeneration. In particular, homozygous CST 3 
BAB subjects are at increased risk of developing AMD. The data shown in 
Example 1 indicate an association of CST3 BJB genotype with AMD. 

Contradictory results were reported for a possible role of ApoE oolyrnoiphlsm m 
AMD. Some authors have reported a tower frequency of the s4 allele In 
subgroups of AMD while other reports could not confirm this association. The 
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e2 allele was reportedly more frequent In AMD patients. Allelic variations In the 
ABCR gene were proposed io be associated with advanced atrophic AMD. 
However, other authors have found no evidence to support this hypothesis. 

Determining the presence or absense of a mutation or polymorphism in a 
cystatin C gene In a sample from said subject may comprise determining a 
partial nucleotide sequence of the DMA from said subject, said partial 
nucleotide sequence indicating the presence or absence of said mutation or 
polymorphism. It may further be preferred to perform a polymerase chain 
reaction with the DNA from said subject and subsequent restriction analysis to 
determine the presence or absence of said mutation or polymorphism. In a 
further preferred embodiment, primers depicted in SEQ ID NO. 1 end SEQ ID 
NO. 2 are used for amplifying the promoter region of the human cystatin C 
gene in order to subsequently analyze the Sat II polymorphic sites herein. 

In another preferred embodiment, the method further includes: determining a 
level, or an activity, or both said level and said activity, of at least one 
substance which Is selected from the group consisting of cystatin C, a 
transcription product of a cystatin C gene, an amyloid protein, and a 
transcription product of a gene coding for said amyloid protein in a sample from 
said subject; and comparing said level, or said activity, or both said level and 
said activity, of at least one of said substances to a reference value. 

For the determination of mutations or potymorphisms in the cystetine C gene, it 
is preferred to use DNA from body cells, in particular white blood ceils. 

in another aspect, the invention features, a kit for diagnosis, or prognosis, or 
determination of increased risk of age-related macular degeneration in a 
subject. 
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Said kit comprises: 

(a) at least one reagent which Is selected from the group consitsing 
of reagents that selectively detect cy statin C, reagents that 
selectively detect transcription products of a cystatin C gene, 
reagents that selectively detect an amyloid protein, reagents that 
selectively detect transcription products of a gene coding for an 
amyloid protein, and reagents that selectively detect mutations or 
polymorphisms In the cystatin C gene or Its non-coding regulatory 
elements; and 

(b) instructions for diagnosing, or prognosing, or determining 
whether said subject is at increased risk of developing, 
age-related macular degeneration by 

(I) detecting a level, or an activity, or both said level and said 
activity, of said cystatin C, or of said transcription products 
of said cystatin C gene, or of said amyloid protein, or of 
said transcription products of a gene coding for an amyloid 
protein, in a sample from said subject; or 

detecting a presence or absence of mutations or 
polymorphisms in said cystatin C gene or its non-coding 
regulatory elements in a sample from said subject; and 

(II) diagnosing or prognosing. or determining whether said 
subject is at increased risk of developing, age-related 
macular degeneration, wherein 

a varied level, or activity, or both said level and said activity, 
of said cystatin C, or of said transcription products of said 
cystatin C gene, or of an amyloid protein, or of a 
transcription product of a gene coding for en amyloid 
protein, compared to a reference value representing e 
known hearth status; 

or a level, or activity, or both said level and said activity. 
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of said cy statin C, or of said transcription products of said 
cystatln C gens, or of said amyloid protein, or of said 
transcription products of a gene coding for an amyloid 
protein similar or equal to a reference value representing a 
known disease status; 

or the presence of a mutation or polymorphism in 
said cystatln C gene or its non-coding regulatory elements 
indicates a diagnosis, or prognosis, or an Increased risk of 
age-related macular degeneration. 

It is preferred that said at least one reagent and said instructions are packaged 
in a single container. In preferred embodiments, said reference value is that of 
a level, or an activity, or both said level end said activity, of at least one 
substance which is selected from the above mentioned group in a sample from 
a subject not suffering from said AMD. The healthy subject can be of the same 
weight, age, and gender as the subject who is being diagnosed, or prognosed 
for AMD, or for whom an increased risk of developing AMD Is determined. In 
some cases, It might be preferred to use a reference value of the subject which 
is to be diagnosed. Said kit suitable for commercial manufacture and aaJe can 
stHI further include appropriate standards, pocHve and negative controls. 

In further preferred embodiments, the presence of at least one B allele In said 
cystadn C gene, in particular the presence of the B/B genotype. Indicates a 
diagnosis, or prognosis, or an increased risk of age-related macular 
degeneration, m order to exclude a false positive diagnosis. It should be 
remarked that a mutation or polymorphism In the cystatln C gene in the oodon 
for leucine at position 68 which abolishes an AhA restriction site Is not Indicative 
for age-retatsd macular degeneration, but for hereditary cystatln C amyloid 
angiopathy. 
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Determining the presence or absense or a mutation or polymorphism in a 
cystatin C gene or In its non-coding regulatory elements in a sample from said 
subject may comprise determining a partial nucleotide sequence of the DMA 
from said subject, said partial nucleotide sequence indicating the presence or 
absence of said mutation or polymorphism. It may further be preferred to 
perform a polymerase chain reaction with the DNA from said subject and 
subsequent restriction analysis to determine the presence or absence of seld 
mutation. In a further preferred embodiment, primers depicted in SEQ ID NO. 1 
and SEQ 10 NO. 2 are used for amplifying the promoter region of the human 
cystatin C gene in order to subsequently analyze the Ssf II polymorphic sites 
herein. 

In preferred embodiments, measurement of the level of transcription products 
of the cystatin C gene, or of a gene coding for an amyloid protein, Is performed 
using Northern blots with probes specific for said genes. Quantitative PGR with 
primer combinations to amplify gene-specific sequences from cONA obtained 
by reverse transcription of RNA extracted from body cells of a subject can also 
be applied. These techniques are known to those of ordinary skill In the art (see 
e.g. Watson et al.. Rekombinierte DNA, 2nd edition, Spektrum Akademiecher 
vertag GmbH. Heidelberg. 1993; Watson et al.. Recombinant DNA, 2nd ed., W. 
H. Freeman and Company. 1992). 

For the determination of mutations or polymorphisms in the cystatin C gene, it 
is preferred to use DNA from body cells including fibroblasts and white blood 
cells. For the other analyses, it is particularly preferred to use samples taken 
from the eye, as explained above. 

In preferred embodiments, said level or activity of said above mentioned 
substances is detected using an immunoassay. These assays can e.g. 
measure the amount of binding between cystatin C and an and-cystatin C 
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antibody by the use of enzymatic, chiomodvnamic. radioactive, or luminescent 
(abate which are attached to either the anti-cystatin C antibody or a secondary 
antibody which blnde the anUcystotin C antibody. In addition, other high affinity 
iigands Including eathepsln derivative* may be used. Immunoaaaava which can 
be used include e g ELISAa. Western Wots and other tachniquaa Known to 
those of ordinary skill in the art (see Hariow et at, Antibodies, A Laboratory 
Manual. CoW Spring Harbor Laboratory Press. Cold Spring Harbor. Now York). 

The antibody or Ugand to be used should preferably specifically detect cystatin 
C. or an amyloid piotein. It Is preferred that It does not substantially Intsract 
with any other protein present in said sample. It is particularly orsfsned to 
include specific antibodies or Iigands which differentiate monomers from dimers 
or oligomers of cystatin C The detection of the monomeric form of cystatin C 
may be more specific to AO than measuring dimers or oligomers- Measures 
might be significantly improved with morKaner-epedflc ELISAa. 

Monoclonal antibodies capable of recognizing cystatin C or an amyloid protein 
can be prepared using methods known inlhe art (aae e.g. Kohtor and MiWein. 
Nature 256, 4S5 - 4gr 1975; Kozbor et aL, Immunol. Today 4, 72, 1983; Cote et 
al., Monoclonal antibodies and cancer therapy. Alan R. Uss. Inc., pp 77 - 96, 
198$; Marks et al.. J. Biol. Cham., 16007 - 16010. 1992; the contorts of which 
ate incorporated herein by reference). Such monoclonal antibodies or 
fragments thereof can also be produced by alternative methods known to those 
of akW m the art off recombinant DMA technology (see e.g. Saatry et al. PNAS 
68: 5728. 1989; Watson at aL. RakemblnlartB DMA. 2nd ad.. Spaktrum 
Akadernlscher Verlag GmbH. 1993; Watson et aL. Recombinant DNA, 2nd ed.. 
W H . Freeman and Company, 1992; the contents of which are Irwrpoisted 
herein by reference). Monoclonal antibodies useful In the rnathods of the 
invention are directed to an epitope of cystatin C or an amyloid protein, such 
met the complex formed between the sntibody and cyetetin C. or between the 
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antibody and said amyloid protein, can be recognized In detection assays. The 
term •♦antibodies" encompasses all forms of antibodies known in the art, such 
as polyclonal, monoclonal, chimeric, recombinatoriel, single chain antibodies as 
well as fragments thereof which specifically bind to cystatin C. or to an amyloid 
protein, it is particularly preferred to use specific antibodies that selectively 
detect cystatin C monomers, dimers or oligomers, respectively. High-affinity 
ligands can be prepared by using derivatives of cathepslns which are the 
natural substrates of cystatin C biological activity. 

It is further preferred to determine the level of cystatin C and its activity on basis 
of an enzymatic assay. As described above, cystatin C is a cysteine protease 
inhibitor which binds to and regulates proteolytic activities of cathepslns. A 
suitable enzymatic assay can therefore be built upon the enzymatic activity of 
cathepslns indicating the absense or presence of different levels of cystatin C In 
its active, monomeric form. It is preferred to use amyloid precursor protein 
(APP) as a substrate. The generation of A-beta peptides as educts can be 
measured. 

The determination of the level or activity of cystatin C, or an amyloid protein, 
can also be performed on basis of a binding assay. Suitable binding partners 
include cathepslns or fragments thereof, peptides, peptldomimetics, antibodies 
and other chemical probes which can specifically recognize cystatin C. It is In 
general particularly preferred to determine cystatin C in its monomeric form. 
Suitable binding partners for an amyloid protein assay include e.g. peptides, 
peptldomimetics. antibodies and other chemical probes. 

If luminescent labels are used In any detection assay, it is preferred to use a 
confocai optical set-up. 
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In preferred embodiments, the subject can be a human, an experimental 
animal, e.g. a rat or a mouse, a domestic animal, or a non-human primate, e.g. 
a monkey. The experimental animal can be an animal model for a disorder, e.g. 
a transgenic mouse with an AMD pathology. 

in preferred embodiments, said kit can also be used in monitoring a 
progression of AMD in a subject or in monitoring success or failure of a 
therapeutic treatment of said subject 

In another aspect, the invention features a method of treating or preventing 
AMD in a subject comprising adminitsering to said subject in a therapeutically 
effective amount an agent or agents which directly or indirectly affect a 
biological activity, or level, or both said activity and level, of at least one 
substance which ie selected from the group consitsing of a cystatin C gene, its 
non-coding reguletoiy elements, a transcription product of a cystatin C gene, 
cystatin C, a gene coding for an amyloid protein, its non-coding regulatory 
elements, a transcription product of a gene coding for an amyloid protein, and 
an amyloid protein. 

It is preferred that said agent or agents reduce a biological activity, or level, or 
both said activity and level, of at least one of the mentioned substances. 

In preferred embodiments, said agents bind or inhibit cystatin C. as e.g. 
eethepsin derivatives or cystatin C analogs. In further preferred embodiments, 
said agents Inhibit the formation of amyloid plaques In said subjects eyes. 

In preferred embodiments, the method comprises the application of per se 
known methods of gene therapy and/or anUsense nucleic acid technology to 
administer said agent or agents. 
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In general, gene therapy Includes several approaches: molecular replacement 
of a mutated gene, addition of a new gene resulting in the synthesis of a 
therapeutic protein, and modulation of endogenous cellular gene expression 
by drugs. Gene-transfer techniques are described m detail (see e.g. Behr, Ace. 
Chem. Res. 28, 274 - 278, 1993; Mulligan. Science 260. 926 - 931, 1993; the 
contents of which ere incorporated herein by reference) and include direct 
gene-trensfer techniques such as mechanical microinjection of ONA into a cell 
ss wed as indirect techniques employing biological vectors (like recombinant 
viruses, especially retroviruses) or model liposomes, or techniques based on 
transaction with DMA copredpitetton with polycations. cell membrane 
perturbation by chemical (solvents, detergents, polymers, enzymes) or physical 
means (mechanic, osmotic, thermic, electric shocks). 
In particular, the invention features a method of treating or preventing age- 
related macular degeneration by means of anttsense nucleic add therapy. le. 
the down-regulation of en ineppn^rtetety expressed or detective gene by the 
Introduction of entisense nucleic adds or derivatives thereof into certain critical 
cess (see e.g. OMtespie, DN a P 8(7), 389 - 395. 1992; Agrawal. Tlbteoh 13. 
197 - 199, 1995; Crooke, Bio/Technology 10, 882 - 808. 1992; the contents of 
which are incorporated herein by reference). Apart from hybrtdttatton 
strategies, the application of rtboivmes. i.e. RNA molecules that act aa 
enzymes, destroying RNA that carries the message of disease has also been 
described (see e.g. Barlnaga, Science. 282, 1512 - 1514, 1993; the contents of 
which are Incorporated herein by reference). In preferred embodiments, the 
subject to be treated Is a human and therapeutic entisense nucleic adds or 
defectives thereof era directed against the human cystatm C gene CST-3 . its 
ncrvoodlng regulatory elements, or trenscription products of CS7-3. Cell 
penetration can be performed by known strategies such as coupling of 
entisense nudeie adds and derivatives thereof to carrier particles, or the above 
described techniques. Strategies for admmitserlng targeted therapeutic 
oiigodeoxymidectides are known to those of skill in the art (see e.g. VvTcketrom. 
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Tlbtech 10. 281 - 287. 1992, the contents of which are hcorpormted hewn by 
reftrence). In some cases, delivery can be performed by mere topical 
epp«ca*on. Further approaches are directed to totracellular expression of 
antteense RNA. In this strategy, cells are transformed ex vrvo with a 
recombinant gene that directs the synthesis of an RNA that 
to a region of the target nudeta acid. Therapeutically use of intraceliutorty 
expressed antlsense RNA is procedurally similar to gene therapy. 

,n preferred embodiments, the method comprises grafting donor ceHs Into the 
eye of said subject, said subject or donor cells preferably treated so jw to 
rnimmHa or reduce graft rejection, wherein said donor cells J" 
modified by Insertion of at least one transgene encoding said agent or agerrta 
Said transgene might be carried by a viral vector, in particular a retroviral 
vector The transgene can be inserted Into the donor cede by « nonviral 
physical trar»feceon of DNA encoding a transgene. in particular by 
r^torecdon Insertion of the transgene can also be performed I by 
a^^pofatton. chemloaUy mediated transection, in particular calcium 
phcepato transfection. liposomal mediated tmnetectton. etc. 

in preferred embodiments, said agent to a tnerepeutic protein 
admlnitoered to said subject, preferably a human, by a P^J""**^ 
introducing subject cells into said sub^*. a* subject ce«s havtog been baatad 
„v*o to insert a DNA segmant encoding said therapeutic protein, 
ceHs expressing * Wvo in said subject a th^apeutfceily elleobve amoumofsa« 
therapeutic protein. Said DNA segment can be inserted Into said cell, in *ro 
by a viral vector. In particular a retroviral vector. 

in pmferred embodhnente. the thermic nudeic add or P"™«^ 

amytoid form-Ion by interact** wtth a cystat* C gene. 

p^uet.. or cystetm C. It Is profaned that said amytoid is B^myioKl derived by 
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proo-ab* o, *. amyU* p~»- pro** (APP) Known «n 
AteMmertdlsoaae. 

ln p^, ombodimanta. *• •*« - b. . human, an a**man« 
a tmnsgente mouse with an AMD pathology. 

ln .no*. M » *— • — - r'lTJ^'JTS 
.HM. . btotofltoal MM* or M or bo* add Mf — f* 1 -* 
one of tha above mentioned tubsUnca*. 

„ „ ft* ..<< ag.nt or ^ant. r*uoa<.> a W 0 ^^«*W^^ 

7bl a*d and, of - _» - «** 
tKo abov. mandor-d aub*ano». .n pr*«™d «*«^"-^" 
^pe^ nuc** add or pn*» whb* r—. amy*" * 

pweuraorprown (APP) Known In Atth*~f. dtaaaaa. 
^aWT^y ^ a b*Wo- •«* o' »r bo* 
activity and lav*, of at toaat ono of aaM aubatanoaa. 

HaLrtpdon product of a ,*» C Q«* «** C. a -n. oodbr, far an 
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da-^ratlon « « preferred (hat said .pent or agent, nrtuoe a 0**9** 

or p»Wn whW. «due« amyloid tennrton by MM*. n- . J 

*H»* by of th. a**" P— P-* 

( APP) Known In AtthelmWa disease. 

b*«*y • b^oflle* .CW*y, or M, or bo* a«d «**y f ^ 

C STb«»«*«o„ product of a cy-n cy^b, C t^-J 

IT-nyW- protaln. a bWpdon prod«t - a ^"f^" 
potato, at. an «* • - • ^T^^tS 

or .pen* red***) - .«*%. « 

of at on. of aatd eut-nc-. '» P— ™* OTb0d,, ™l tZl to 
U»,«^ttc ««We add or p«Wn whloh ~du~ an** by 

p^ducts. or ey*** C. t » «« — 

Zr^do-tv*. by praaotyt* ptco-n. * *• W- -«» ""^ 
QAPP) known In Alzhdlmofs disease. 

„ mother aspoct th. invent tee*™ . netted J* 

direct, or .ndlrec* 4Mb « «**». - « •* J 

at ..art ona .MM. *** t. sa»e«d Mm th. (poup ccw*b» 

cVene. cyatadn C, a pane oodtrtfl for an amyloid protesi, ia ro^ooTnp 
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regulatory elements, a transcription product of a gene coding for an amyloid 
protein, and an amyloid protein comprising the stops of; 

(a) providing a sample containing at least one substance whtah is 

selected from the group consisting of a cy statin C gene, its non- 
coding regulatory elements, a transcription product of a cyetatln C 
gene, cyetatin C, a gene coding for an amyloid protein. Us non- 
coding regulatory elements, a transcription product of a gene 
coding for an amyloid protein, end en amyloid protein; 
(t>) contacting said sample with at toast one agent; 
(c) comparing an activity, or level, or both said activity and level, of 
at least one of said substances before and after said contacting. 

it is preferred that said agent reduces an activity, or level, or both said ectMty 
end level, of at least one of said substances. 

in preferred embodiments, measurement of the level of transcription products 
of e cystatin C gene, or of a gene coding for an amyloid protein, Is performed 
using Northern Wots with probes specific for said genes. Quantitative PCRwah 
primer combinations to amplify gene^pecHic sequences from cOMA obtained 
by reverse transcription of RNA extracted from e subject can also be espied. 
These techniques are Known to those of ordinary skill In the art (tee *4 
Watson et ah. Rekombinierte DMA, 2nd edition, Spektrum Akademischer 
Veriag GmbH. Heidelberg, 1993; Watson et aL, Recombinant ONA, 2nd ed., W. 
K Freeman and Company, 1992). 

In preferred embodiments, said level or acevny of cystatin C. or of an amyloid 
protein, is detected using an immunoassay. These essays can e.g. measure 
the amount of binding between cystatin C and an anti-eyatatln C antibody by 
the use of enzymatic, chromodynamlc, radioactive, or luminescent labels which 
are attached to either the enthcystaUn C antibody or e secondary antibody 
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protein, it is particularly preferred to use specific antibodies that selectively 
detect cystatin C monomers, dlmers or oligomer*, respectively. High-affinity 
ligands can be prepared by using derivatives of cathepsins which are the 
natural substrates of cystatin C biological activity. 

It is further preferred to determine the level of cystatin C and its activity on basis 
of an enzymatic assay. As described above, cystatin C is a cysteine protease 
inhibitor which binds to and regulates proteolytic activities of cathepsins. A 
suitable enzymatic assay can therefore be built upon the enzymatic activity of 
cathepsins indicating the absense or presence of different levels of cystatin C in 
its active, monomeric form. It is preferred to use amyloid precursor protein 
(APP) as a substrate. The generation of A-beta peptides, in particular A-bete 40 
and A-beta 42 peptides, as educts can be measured. 

The determination of the level or activity of cystatin C. or an amyloid protein, 
can also be performed on basis of a binding assay. Suitable binding partners 
include cathepsins or fragments thereof, peptides, peptidomimetics. antibodies 
and other chemical probes which can specifically recognize cystatin C, or a 
variant thereof. It Is in general particularly preferred to determine cystatin C in 
Ms monomeric form. Suitable binding partners tor an amyloid protein assay 
include e.g. peptides, peptidomimatica, antibodies and other chemical probes. 

If luminescent labels are used in any detection assay, it is preferred to use a 
contocal optical set-up. 

Other features and advantages of the invention will be apparent from the 
Fctlcwing detailed description of the examples, and from the claims. 

Table 1 shows the number of Patients with AMD and control subjects. 
Table 2 shows the CST3 genotype distribution. 
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Tfl&te 3 shows the CST$ genotype distribution among mates. 

TaJt?|9 4 shows the CST3 genotype distribution among females. 

iB&ttLS shows odds ratios for exudative AMD with CST3 genotype BB 
dependent on gender. 

Fiffilff 1 depicts a schematic illustration of the human cystatin C gene with the 
exons numbered and shown as filled boxes as well as the three different alleles 
(A. B and C) with their respective nucleotide sequences given around the 
mutations in the promo tor region. Nucleotide numbering for the base 
substitutions relates to the start site for cystatin C translation (+1 - +3 equals 
initiator methionine cod on). The polymorphic Sst II and Ode I sites are 
underlined, and expected lengths of DNA fragements after respective cleavage 
are indicated. 

Fi flVre 2 depicts the possible roles of cystatin C and the Aspergillus jepomcus 
cysteine proteinase inhibitor E-64 In the amyloid precursor protein (APP) 
processing and generation of the amyloid p peptide (A3). 
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Patents and Methods 

167 patients with iha clinical diagnosis of exudative AMD of ail types, classic 
CNV, occult CNV and pigment epithelial detachment were selected. 268 
unrelated age-matched control subjects were randomly selected to represent a 
sample of the general population, and therefore can be expected to develop 
AMD at the population rate (Table 1). The possibility of selecting elderly control 
subjects without signs of AMD was not chosen because this would require the 
differentiation of features associated with normal aging from early AMD. This 
distinction is difficult and its theoretical basts is weak. Informed consent was 
obtained from all patients and controls. Inclusion criteria for patients were: 
Diagnosis of uni- or bilateral neovescular AMD by using fluorescein 
angiography and absence of other retinal dystrophies or diseases that may be 
associated with the development of CNV, 

A comprehensive ophthalmologic examination which included visual acuity 
measurement, fundus examination and fluorescein angiography was done in 
patients. Age at presentation and gender were recorded for both patents and 
control subjects. No age of onset of AMD was recorded for patents because 
due to the lingering course of the early forms often no definite date can be 
given. 

Fluorescein angiographic photographs were evaluated according to the 
guidelines of the International classification and grading system of the 
international ARM epidemiological study group by two Independent graders. 
Grading results were subsequently reviewed by an independent grader (The 
International ARM Epidemiological Study Group. An International classification 
and grading system for age-related mastopathy and age-related macular 
degeneration. Surv Ophthalmol. 1995; 39(5): 367-374). Inclusion criteria for the 
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patient group were the presence of any form of neovaeoular macutopathy 
secondary to age-related macular degeneration Including classic CNV, occult 
CNV, pigment epithelial detachment, or a combination of any of the above In 
one or both eyes. If only one eye was affected by neovaeoular AMD. the other 
eye had to present with phenomena of earty AMD Including more than 5 hard 
drusen. soft drusen. pigmentary abnormalities, or with advanced atrophic AMD 
(geographic atrophy) to ensure that AMD was the cause of neovasoular 
macutopathy. In cases of disagreement between the two initial graders the 
conclusive grading was done by a the reviewing grader. To avoid bias, all 
graders were Winded with respect to the results of the genotype analyses. 

Blood was collected from peripheral veins into EDTA tubes from patterns and 
control subjects. Genomic DNA was extracted from isolated leukocytes using a 
standard salt precipitation technique and its concentration was determined 
spectroprwtometrtcally. The PCR product was generated using the primers 
024, TGGGAGGGACQAQQCGTTCC and 1206R, 

TCCATGGQGCCTCGCACCAG. A 10 Ml polymerase chain reaction was 
performed, containing 0.4 pi of suspended genomic DNA. 500 nM of each 
forward and reveres primer. 1.5 mM magnesium chloride. 1 pi 10x buffer. 200 
pM deoxyrtbonucleoside triphosphate. 0.4 U Taq polymerase (Gtoco. 
Galthersburg, MD), 0.5 pi of 5% dimethyl sulfoxide and 0.7pl HaO. For a 
negative control, no DMA was added to the PCR reaction contents. The 
reactions were denaturated for 45 seconds at 95-C, then DNA was amplified for 
13 cycles (15 seconds at 95-C, 30 seconds at 6trC reduced by 1'C per cycle 
and 30 seconds at 72'C) followed by 23 cycles (15 seconds at 95-C. 30 
seconds at 55'C, 30 seconds at 72'C) then followed by a final 5-mlnute 
extension at 72'C. The PCR product Is a 318 bp DNA fragment. 1 pi of each 
PGR product was electrophoresed on a 2.5% agarose gel. stained with 
ethidium bromide, and visualized under UV illumination. After each PCR 
reaction, the remaining 9 pi of PCR product was used for enzyme digestion with 
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sequence that encodes the signal peptide (allele A), or by exclusive cleavage 
downstream of the transcription start sites (allele B). 

The frequency of homozygous haptotype CST3 BB genotype differed 
significantly between patents with exudative AMD and control subjects 
(0=0.0228; Table 2). The frequency of this genotype was 0.066 for the entire 
patients group compared with 0.022 for control subjects overall. When 
subgroups tor both genders were formed the frequency of the BB genotype was 
0.113 in male patients and 0.024 in male controls. There was a statistically 
significant difference of the BB genotype distribution In the male subgroup 
(P*0 0119; Fisher's exact test p=0.0201; Table 3). The frequency of the BB 
genotype In the female subgroup was 0.044 in patients versus 0.021 In controls 
and failed to differ statistically (p-0.303;) among groups (Table 4). 

The effect of the BB genotype on the occurrence of exudative AMD was 
estimated using a odds ratio estimate (OR) In case control studies. This OR 
was 3.079 (95% confidence interval [Ci] 1,116 to 8.490) for the entire groups of 
patients and controls. When the male subgroups of cases and controls were 
tested separately, the effect was stronger with a OR of 5.276 (95% Ct 1 .267 to 
21.961). For the female subgroup the OR was calculated to be 2.11 (95% CI 
0.493 to 9.024). Data are shown In Table 5. 

We performed Kaplan-Meier survival analysis on the data obtained from 
patients and control subjects. The average disease-free survival time was 83 
yeans (95% C»s82-85; S.E-1) In the ported CST3 AA or AB subjects and 75 
years (95% 01=71-79; S.E.=2) in CST3 BB subjects reaching statistical 
significance (Mantel-Cox Log rank=9.00; dW; p=0.0027). 
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CLAIMS 



1. A method for diagnosing or prog nosing age-related macular degeneration in 
a subject, or determining whether a subject is at increased risk of developing 
age-related macular degeneration, comprising: 

determining a level, or an activity, or both said level and said activity, of 
at least one substance which is selected from the group consisting of 
cystaHn C, e transcription product of a cystatln C gene, an amyloid 
protein, a transcription product of a gene coding for an amyloid protein in 
a sample from said subject; 

and 

comparing said level, or said activity, or both said level and said activity. 

of at least one of said substances to a reference value representing a 

known disease or health status, 
thereby diagnosing or prognosing said age-related macular degeneration in 
said subject, or determining whether said subject is at increased risk of 
developing age-related macular degeneration. 

2. The method according to ciaim 1 , wherein said sample Is taken from en eye 
of said subject, in particular from material located between the plasma 
membrane and basal lamina of the retinal pigment epithelium end/or from 
material located between the basal lamina of the retinal pigment epithelium 
and the Inner collagenous zone of Bruch's membrane. 

3. The method according to claim 2, wherein an increase of said level or activity 
of said substances In said sample from said subject relative to said reference 
value indicates a diagnosis, or prognosis, or increased risk of said age- 
related macular degeneration in said subject. 
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4. The method according to at least one of claims 1 to 3, wherein said subject 
is a human. 

5. The method according to at least one of dabm 1 to 4, wherein said cystatin 
C is determined in its monomelic form. 

6. The method according to at least one of claims 1 to 5, wherein at least one 
of said substances is detected using an immunoassay, an enzyme activity 
assay and/or a binding assay. 

7. The method according to at least one of daims 1 to 6, wherein said 
reference value Is that of a level, or an activity, or both said level and said 
activity, of at least one substance which is selected from the group consttsing 
of cystatin C. a transcription product of a cystatin C gene, an amyloid protein, 
a transcription product of a gene coding for an amyloid protein in a sample 
from a subject not suffering from said age-related macular degeneration. 

8. A method of monitoring the progression of age-related macular degeneration 
in a subject, comprising: 

determining a level, or an activity, or both said level and said activity, of 
at least one substance which is selected from the group consitsing of 
cystatin C, a transcription product of a cystatin C gene, an amyloid 
protein, a transcription product of a gene coding for an amyloid protein in 
a sample from said subject; 

and 

compering said level, or said activity, or both said level and said activity, 
of at least one of said substances to a reference value representing a 
Known disease or health status, 
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thereby monitoring the progression of said age-related macular degeneration 
in said subject. 

0. The method of daim 8, further comprising comparing a level, or an activity, 
or both said level and said activity, of at least one substance which is 
selected from the group consitsing of cystatin C. a transcription product of a 
cystatin C gene, an amyloid protein, a transcription product of a gene coding 
for an amyloid protein in said sample with a level, an activity, or both said 
level level and said activity, of at least one of said substances In a series of 
samples taken from said subject over a period of time. 

10. The method according to daim 8 and/or 9, wherein said subject receives a 
treatment prior to one or mors of said sample gatherings. 

11. A method of evaluating a treatment for age-related macular degeneration, 
comprising: 

determining a level, or an activity, or both said level and said activity, of 
at least one substance which Is selected from the group consitsing of 
cystatin C, a transcription product of a cystatin C gene, an amyloid 
protein, and a transcription product of a gene coding for an amyloid 
protein, in a sample obtained from a subject being treated for said age- 
related macular degeneration; 



comparing said level, or said activity, or both said level and said activity, 
of at least one of said substances to a reference value representing a 
Known disease or health status, 
thereby evaluating said treatment for said age-related macular degeneration. 



Printed:16-10'2000:i 




: 1- 9-99 : 



EP99117198 4 ; 



221 134-297^ 



-Ht9 89 23994^^ppp: 



-40- 

12. The method of claim 11, whereto said level, or said activity, or both said 
level and said activity, in said samples is determined, before and aflsr said 
treatment is adminitsered to said subject 

13. A method of diagnosing or prognoslng age-related macular degeneration In 
a subject, or determining whether a subject is at increased risk of developing 
age-related macular degeneration comprising: 

determining a presence or absence of a mutation or polymorphism in a 
cystatin C gene or its non-coding regulatory elements in a sample from 
said subject, 

thereby diagnosing or prog nosing age-related macular degeneration In said 
subject, or determining whether said subject is at increased risk of 
developing age-related macular degeneration. 

14. The method of claim 13, wherein a presence of a mutation or polymorphism 
in teucin 66 codon of a human cystatin C gene leading to a loss of Atu I 
restriction site does not Indicate diagnosis, or prognosis, or increased risk of 
age-related macular degeneration in said subject. 

15The method of claim 13 and/or 14. wherein the presence or absence of at 
least one B allele is determined. 

16. The method of claim 15, wherein the presence of at least one B allele, in 
particular the presence of the B/B genotype, indicates said subject is at 
increased risk of developing age-related macular degeneration or Indicates a 
diagnosis or prognosis of age-related macular degeneration. 

17. The method of et toast one of claims 1 3 to 16, further comprising: 

determining a level, or an activity, or both said level and said activity, of 
at least one substance which is selected from the group consitsing of 
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cystatin C. a transcription product of « cystatin C gene, an amyloid 
protein, and a transcription product of a gene coding for an amyloid 
protein, in a sample from said subject; 

and 

comparing said level, or said activity, or both said level and said activity, 
of at least one of said substances to a reference value representing e 
known disease or health status. 

18. A kit for diagnosis, or prognosis, or determination of increased risk of 
developing age-related macular degeneration in a subject, said kit 
comprising: 

(a) at least one reagent which is selected from the group consltsing of reagents 
that selectively detect cystatin C, reagents that selectively detect 
transcription products of a cystatin C gene, reagents that selectively detect 
an amyloid protein, reagents that selectively detect transcription products of 
a gene coding for an amyloid protein, and reagents that selectively detect a 
mutation or polymorphism in a cystatin C gene or Its non-coding regulatory 
elements; and 

(b) instructions for diagnosing, or prognosing age-related macular 
degeneration, or determining increased risk of developing age-related 
macular degeneration by 

(i) delecting a level, or an activity, or both said level and said activity, of 
said cystatin C, or of said transcription products of said cystatin C gene, 
or of said amyloid protein, or of said transcription products of said gene 
coding for an amyloid protein in a sample from said subject; and/or 
detecting e presence or absence of a mutation or polymorphism in said 
cystatin C gene or its non-coding regulatory elements in a sample from 
said subject; and 
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(iO diagnosing, or prognosing* or determining whether said subject is 
at increased risk of developing age-related macular degeneration, 
wherein 

a varied level, or activity, or both said level and said activity, of said 
cyatatin C, or of said transcription products of said cystatin C gene, or of 
said amyloid protein, or of said transcription products of a gene coding 
for an amyloid protein, compared to a reference value representing a 
known health status; 

or a level, or activity, or both said level and said activity, of said cystatin 
C, or of said transcription products of said cystatin C gene, or of an 
amyloid protein, or of a transcription product of a gene coding for an 
amyloid protein similar or equal to a reference value representing a 
known disease status; 

or the presence of a mutation or polymorphism in said cystatin C gene or 
its non-coding regulatory elements indicates a diagnosis, or prognosis, or 
increased risk of developing age-related macular degeneration. 

18. The Kit according to claim 16, wherein e presence of a mutation or 
polymorphism in teucin 68 codon of a human cystatin C gene leading to a 
loss of Alu I restriction site does not Indicate diagnosis or prognosis of age- 
related macular degeneration in said subject. 

20, The kit according to claim 18 and/or 18, wherein said reference value is that 
of a level, or an activity, or both said level and said activity, of at least one of 
eaid substances in a sample from a subject not suffering from said age- 
related macular degeneration. 

21 . The kit according to at least one of claims 1 8 to 20. wherein the presence of 
at least one B allele, in particular the presence of the B/B genotype, indicates 
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a diagnosis, or prognosis, or an increased risk of development of age-related 
macular degeneration. 

*2. The kit according to at least one of claims 18 to 21 for use in monitoring a 
progression of age-related macular degeneration in a subject 

3. The kit according to at least one of claims 18 to 22 for use in monitoring 
success or failure of a therapeutic treatment of said subject. 

4. A method of treating or preventing age-related macular degeneration in a 
subject comprising adminitaering to said subject in a therapeutically effective 
amount an agent or agents which directly or indirectly affect an activity, or 
level, or both said activity and level, of at least one substance which is 
selected from the group consitsing of a cystatin C gene, Its non-coding 
regulatory elements, a transcription product of a cystatin C gene, cystatin C, 
a gene coding for an amyloid protein, its non-coding regulatory elements, a 
transcription product of a gene coding tor an amyloid protein, and an amyloid 
protein. 



5. The method according to claim 24. wherein said agents are cathepsfn 
derivatives or cystatin C analoga. 

5. The method according to claim 24 and/or 25. wherein per se known 
methods of gene therapy and/or anttsense nucleic acid technology are 
applied to admin i tsar said agent or agents. 

'. The method according to at least one of claims 24 to 26 comprising grafting 
donor cells Into the eye of said subject, said subject or donor cells preferably 
treated so ss to minimize or reduce graft rejection, wherein said donor ceUs 



Printed: 16^1 0-2000 



: 1- 9-99 : 



EP9911?19S.4^ 



221 134-29T-* 



+4.9 B9 ^399*^#^M»P 
ii i. OUIU JfMWSS^M 



.44- 

are genetically modified by insertion of at least one transgene encoding said 
agent or agents. 

28. An agent which directly or indirectly affects an activity, or level, or both said 
activity and lever, of at least one substance which is selected from the group 
consltaing of a cystatin C gene, its non-coding regulatory elements, a 
transcription product of a cystatin C gene, cystatin C, a gene coding for an 
amyloid protein, its non-coding regulatory elements, a transcription product 
of a gene coding for an amyloid protein, and an amyloid protein. 

29. A medicament comprising an agent according to claim 28. 

30. An agent which directly or indirectly affects an activity, or level, or both said 
activity and level, of at least one substance which is selected from the group 
consitsing of a cystatin C gene, its non-coding regulatory elements, a 
transcription product of a cystatin C gene, cystatin C. a gene coding lor an 
amyloid protein, its non-coding regulatory elements, a transcription product 
of a gene coding for an amyloid protein, and an amyloid protein, for treating 
or preventing age-related macular degeneration. 

31. Use of an agent which directly or indirectly affects an activity, or level, or 
both said activity and level, of at least one substance which is selected from 
the group consitsing of a cystatin C gene, its non-coding regulatory 
elements, a transcription product of a cystatin C gene, cystatin C, a gene 
coding for an amyloid protein, its non-coding regulatory elements, a 
transcription product of a gene coding for an amyloid protein, an amyloid 
protein, for a preparation of a medicament for treating or preventing age- 
related macular degeneration. 
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32. A method for identifying an agent that directly or indirectly affects en 
activity, or level, or both said activity and level, of at least one substance 
which is selected from the group consitsing of a cystatin C gene, its non- 
coding regulatory elements, cystatin C. a transcription product of a cystatin C 
gone, a gene coding for an amyloid protein, its non-coding regulatory 
elements, a transcription product of a gene coding for an amyloid protein, 
and an amyloid protein, comprising the steps of: 

(a) providing a sample containing at least one substance which is selected 
from the group consisting of a cystatin C gene, its non-coding regulatory 
elements, a transcription product of a cystatin C gene, cystatin C. a gene 
coding for an amyloid protein, its non-coding regulatory elements, a 
transcription product of a gene coding for an amyloid protein, and an 
amyloid protein; 

(b) contacting said sample with at least one agent; 

(c) comparing an activity, or level, or both said activity and level, of at least 
one of said substances before and after said contacting. 

33.The method according to claim 32. wherein comparing an activity of cystatin 
C Is performed by using amyloid precursor protein as e substrate and a 
generation of A-beta peptides as a read-out. 
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Abstract 

A method for diagnosing or prognosing age-related macular degeneration in a 
subject, or determining whether a subject is at increased risk of developing age- 
related macular degeneration, comprising: 

determining a level, or an activity, or bom said level and said activity, of 
at least one substance which is selected from the group consisting of 
cystatin C, a transcription product of a cystatin C gene, an amyloid 
protein, a transcription product of a gene coding for an amyloid protein In 
a sample from said subject; 

and 

comparing said level, or said activity, or both said level and said activity, 
of at least one of said substances to a reference value representing a 
known disease or health status, 
thereby diagnosing or prognosing said age-related macular degeneration in 
said subject, or determining whether said subject is at increased risk of 
developing age-related macular degeneration. 
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Tabic 1 





Patients 


Controls 


Sax <No.(%]) 






Female 


114 (42.5) 


141 (57.5) 


Male 


S3 (31.7) 


127 (68.3) 


mean age at presentation 






(yre.±SD) 






Female 


75.25 ±7.63 


75.30 ±7.88 


Male 


73.57 ±7.41 


73.66 ±6.63 



Table 2 



C3T3 


Patients 


Controls 


genolyps 


(rvc167) 


(n-268) 




n % 


n % 


AAorAB 


156 93.4 


282 07.8 


8B 


11 6.8 


6 2J2 



X*«5.18; p=0.0228; df=1 



Tables 



CST3 


PeUents 


Controls 


genotype 


(n-53) 


(n=127) 




n % 


n % 


AAorAB 


47 88.7 


124 97.6 


BB 


6 11.3 


3 2.4 



X 2 «6 318; psO.0119; dfcl: Fisher's sxact test: p-0 0202 
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TtMe 4 



CST3 


Patients 


Controls 


genotype 


(n-114) 


(n*14l) 


n % 


n % 


AAorAB 


109 95.6 


138 97.9 


BB 


5 4.4 


3 2.1 



X a «1.056; p=0.303; dt=1 



TableS 



Subgroup 


Odds 
ratio 


95% CI 


All patients 


3.079 


1.117-8.49 




2.11 


0.493-9.024 


Male 


5.276 


1.267- 






21.961 
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Dipl.-Chem, AleJc von Kreisler 
Dipl.-Ing. Giinther Selting 
Dr. Kans-Karsten Werner 
Dr. 4 Johann F. Fues 
Dipl.-Ing Georg Dallmeyer 
Dipl--Ing, Jochen Hilleringmann 
Dr. Hans-Peter Jonsson 
Dr. Thomas Weber 
Dr. Jorg Helbing 

P.O. Box 10 22 41 
D - 504 62 Cologne 
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